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1

ONE-PIECE, CONTROLLED INSERTION
FORCE, ELASTIC SOCKET TYPE CONTACT

The disclosed embodiments concern one-piece elastic
socket type contacts, mtended to equip low insertion force
clectrical connectors.

It concerns more particularly female contacts called elas-
tic, or split, sockets which equip a connector and comprise
two or more elastic beams intended to apply by means of a
radial movement, a contact pressure needed to provide elec-
trical continuity on the male contacts of the pin type, which
equip a complementary mating connector.

In the case of electrical connectors equipped with a large
number of female contacts of the split socket type, 1t 1s nec-
essary to spread out a large assembly-related effort to make
the male contact pin slide into the socket once the latter shall
have passed the peak of introduction due to the insertion of the
pin onto the open end of the socket. This effort which 1s also
called rating, often involves exceeding the elastic limit of the
material of which the socket beams are made, causing a very
large dispersion of contact pressure and resulting 1n a limited
number of manoeuvres and a possible loss of electrical con-
tinuity, aggravated by the stress corrosion, which develops
between the socket and the pin.

In order to reduce the assembly-related effort which com-
pels the user to apply a large force to one of the complemen-
tary mating connectors, it 1s proposed to reduce the 1nertia of
one of the socket beams.

In fact, classical sockets use beams, whose 1nertia 1s con-
stant over the length of the beam, involving the development
of maximum stress in a single zone of the beam.

These local stress are the cause of exceeding the elastic
limit of the material of the beam and of exceeding the elastic
limit of the materials present at the point of contact, such as,
for example, gold plating applied on the surface of brass,
which 1s the base matenal of the beam (a phenomenon known
as Hertz pressure).

In order to avoid the magnitude of these phenomena result-
ing from constant inertia over the length of the beam, numer-
ous embodiments have been proposed to date.

Among these embodiments was ivestigated the use of an
clastic contact or pallet supported 1n a rigid tubular socket and
moving elastically in a radial direction under the propulsion
of the pin when the complementary mating connectors are
being mated.

Patent FR 2 681 733 describes an embodiment of this type,
making possible a low insertion force which functions satis-
factorily for large contacts, because in the case of small
dimensions the use of numerous parts increases the time of
manufacturing and of course also cost.

Patent FR 2 685 558 describes an improved embodiment in
which there are, for example, three pallets, which come in
contact of the pin of the complementary mating connector
according to three generatrix.

The embodiments described in these two patents propose a
very low rating and provide a solution for the local reduction
of the inertia of the beam, because they disclose embodiments
in which the inertia vanation over the length of the beam 1s
implemented as a result of local reductions of the width of the
said beam, whilst the thickness of the material of the beam
remains constant.

Improvements have likewise been proposed for classical
one-piece sockets, i order to facilitate the connection of
complementary mating electrical connectors.

Patent FR 2 450 510 discloses an embodiment, which
makes possible the reduction of the peak of introduction
caused by the insertion of the pin to the open end of the socket,
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in order to bring about the opening of its beams. Nevertheless,
the invention described comprises the combination of a
spindle-shaped part of the end of the pin and a decreasing
thickness over a given length of the beam material. The first of
these two characteristics 1s not currently applicable, because
the design according to which spherical form 1s imposed on
the end of the pin, does not comply with the requirements of
international standards and has no effect on the rating func-
tion. The second characteristic 1s always used, because 1t
makes possible an easy msertion to the end of the pin at the
end of the socket beams, whose thickness falls due to the
gradual machining of the mnner surface of the beams 1n the
direction of its open end. This second characteristic 1s there-
fore limited to facilitating the insertion of the pin, since the
final contact of the pin 1n the socket takes place outside the
thinned zone.

The solutions described 1n the said patents are nevertheless
not completely satisfactory, either because they are not appli-
cable to all dimensions of socket used 1n different areas of
industry and are onerous in manufacture, or because they
don’t provide a solution to a potential risk involving exceed-
ing the elastic limit of the material of the one-piece socket
beams, or of the materials present at the point of contact.

There 1s accordingly a need for one-piece elastic socket
contacts for electrical connectors, comprising variable inertia
elastic beams making it possible to obtain over the length of
every beam virtually 1dentical stress, thus participating in the
increase of detlection of every beam, 1n order to obtain a
controlled force insertion of the pin contacts of a first con-
nector ito the elastic socket contacts of a complementary
mating connector, and providing a large contact pressure
when the connectors are mated.

For that purpose, the aspects of the disclosed embodiments
propose a one-piece, controlled insertion force, elastic socket
for electrical connectors, comprising a rear part in the form of
a rod defining a first cylindrical zone and a tubular front part
comprising a second perfectly rectilinear cylindrical zone
extending the rear part open towards the front and divided by
means of slots into elastic beams, a spindle-shaped end zone
in which the thickness of the beams gradually decreases
towards the open end of the tubular part, the said tubular part
moreover comprising a cylindrical segment divided by means
of slots 1nto at least two elastic beams which has on its outer
surface a cone frustum-shaped zone obtained by machining.

According to the disclosed embodiments, the cone frus-
tum-shaped cylindrical segment 1s delimited by the connec-
tion zones of the said segment respectively with the second
and the first cylindrical zones.

According to the disclosed embodiments the second cylin-
drical zone 1s an arm of the lever.

According to one of the principal characteristics of the
disclosed embodiments, the cone frustum-shaped zone of the
segment 1s a variable inertia element of elastic beams and
works 1n deflection under quasi 1so-stress.

According to one of the principal characteristics of the
disclosed embodiments, the connection zone of the second
cylindrical zone and of the cylindrical segment constitutes the
final 1nertia variation zone of the elastic beams.

According to the disclosed embodiments, the element
under quasi 1so-stress participates in the increase of deflection
of every elastic beam.

According to the disclosed embodiments the spindle-
shaped end-zone decreases slowly 1n the direction of the open
end of the beam.

According to the disclosed embodiments, the length of the
second cylindrical zone makes 1t possible to participate 1n the
adjustment of the multiplier coellicient of every beam.
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The disclosed embodiments shall be better understood
with the help of the description which follows and the
appended drawings where

FIG. 1 shows a section of two halves of connectors com-
prising respectively the male and female elements. 5

FI1G. 2 shows a one-piece split socket according to the prior
art.

FIG. 3 shows an elastic socket according to the disclosed
embodiments,

FI1G. 4a and FIG. 4b show respectively a diagram of dis-
tribution of stress 1 a socket according to the prior art and a
diagram of stress 1 a socket according to the disclosed
embodiments,

FIG. 5a and FIG. 5b show a section during the process of
making of a socket according to the disclosed embodiments.

FIG. 1 show a section of an assembly of connectors 1 and
2 1n mated and locked position, each of these connectors
comprising a housing 3, 4, insulators 5, 6 comprising cavities
in which are arranged the female elements or sockets 7 and
male contacts or pins 8. Locking elements 9 and means of the
carth connection 10 make possible the mechanical assembly
of the connectors 1n a mated and locked position and the
continuity of the earth connection between them.

It should be noted that the sockets and the pins are 1n an
engaged position and that they comprise at the part opposite
to their engaged part means of connection to electrical trans-
mission wires, which are not shown.

FIG. 2 shows a side view of a one-piece split socket 7
according to the prior art 1n the form of a socket comprising a
rear part 11 in the form of a rod, making possible the connec-
tion of electrical wires, a tubular part 12 extending the rear
part 11 open 1n the forward direction and divided by means of
slots 13 1nto elastic beams 14 intended during the process of
moving away i radial fashion, to apply a contact pressure
needed to ensure electrical continuity, to the pins 8 of the

complementary mating connection connector 2, which can be
seen 1n FIG. 1.

FIG. 3 shows a section of a socket 7 according to the
invention. This socket comprises a rear part 11 in the form of
arod, which defines a first cylindrical zone A, atubular part 12
open 1n a forward direction, which extends the rear part 11
and 1s divided by slots 13 which define two elastic beams 14.
The tubular part 12 consists of a second cylindrical zone C, of
a cylindrical segment B and of an end zone D close to the open
end 15 1n the form of a spindle-shaped on 1ts inner face and
whose thickness gradually decreases 1n the direction of the
end of the open end 15.

For the sake of clarity of description, two each beams 14
and slots 13 are shown 1n the present figure, but the invention
obviously also covers sockets with a larger number of beams
and corresponding slots.

According to the mvention, the outer surface 16 of the
cylindrical segment B has the form of a cone frustum-shaped
zone obtained by outside machining, whilst the outside
machining of the second cylindrical zone C 1s completely
rectilinear from the connection zone 17.

The second cylindrical zone C between the end zone D and
the cone frustum-shaped cylindrical segment B 1s a lever arm,
which makes 1t possible to increase and hence to participate in
the adjustment of the multiplier coetlicient of deflection of
every beam 14.

As anon-limitative example, the outer diameter of the cone
frustum-shaped cylindrical segment B 1n the connection zone
17 represents a value of ~8% a less than the value of the outer
diameter of the cone frustum-shaped cylindrical segment B 1in
the connection zone 18 with the cylindrical zone A.
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4

It 1s clear, that this value quoted as an example of a socket
1s a function of the inner and outer diameters of the socket, as
well as of the number and width of the beams and of the
number of slots defining them.

The said cone frustum-shape machining makes it possible
to obtain variable inertia over a length or the whole of the cone
frustum-shaped cylindrical segment B, which constitutes a
capital element of beam 14. The said inertia variation accord-
ingly makes it possible to obtain a part of the beam, which
works 1n deflection under quasi-identical stress over 1ts entire
length.

This distribution of stress can be seen clearly 1in FIGS. 4a
and 45, which show diagrams of analysis by finite elements
method of beam 14 of a socket according to the prior art, with
a zone Z.Z.1n which 1s concentrated a maximum of stress close
to the connection zone 18 with the cylindrical zone A. The
stress which develop 1n beam 14 when pin 8 1s inserted, often
reach the elastic limit of the beam material.

On the other hand and according to the disclosed embodi-
ments, FIG. 46 has a zone YY 1n which the stress are distrib-
uted quasi-identically in the cone frustum-shaped cylindrical
segment B of beam 14.

FIG. 4b thus shows the stress formed 1n the cylindrical
segment B between the connection zones 17 and 18 which
constitutes a zone of 1nertia variation in the elastic beams 14.

It should be noted that 1n the cylindrical zone C which acts
as a lever arm, the stress are distributed uniformly and that this
zone cooperates with and extends the action of segment B.

This distribution of quasi-identical stress over the length of
an elastic beam 14 makes possible an increase of its deflection
due to the reduction of the effort needed and to a smaller
variation of stress due to the size of the elements.

It should be noted that the length of the cylindrical zone C
constituting the lever arm can also be lengthened and so make
it possible to increase and to participate 1n the adjustment of
the multiplier coellicient of the deflection of beam 14.

FIG. § show a socket 7 according to the disclosed embodi-
ments following the operations of manufacturing consisting
in machine-turning, the different diameters of cylindrical
zones A, C, D and of the cone frustum-shaped cylindrical
segment B and then 1n cutting the slots defimng the beams 14,
which can be seen 1n FIG. 5a.

Similarly, F1G. 556 shows the final positioning of beams 14
aiter the operation of retightening to bring the open end 15 to
the size required by the geometry of the pins and the sockets
to be assembled.

The use of a segment producing an inertia variation in a part
or an element of a beam of an elastic socket contact of an
clectrical connector, makes 1t possible a remarkable improve-
ment of the assembly-related characteristics of the sockets,
permitting a medium force mnsertion (LIF), whilst retaiming
the 1ntrinsic power transmission or signal characteristics due
to the pressure exerted by the female contact beams of the
clastic socket on the contact surface of the male pin.

As an example, the table below summarises the values of
clastic sockets according to the prior art and the sockets (LIF)
according to the disclosed embodiment.

Classical socket Invention socket

Effort at beam end 244 ¢ 91 g
Deflection 0.08 mm 0.144
Average rating 73 g 27 g
Elastic limuit Reached Not reached
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The disclosed embodiments are not limited to the forego-
ing or to the embodiments described earlier; on the contrary,
it comprises all variants.

The invention claimed 1s:

1. A one-piece, controlled insertion force, elastic socket
contact for electrical connectors comprising a rear part in the
form of a rod defining a first cylindrical zone and a tubular
front part comprising a second completely rectilinear cylin-
drical zone extending the rear part, open 1n the forward direc-
tion and divided by means of slots ito elastic beams, a
tapered spindle-shaped end zone 1n which the thickness of the
beams gradually decreases 1n the direction of the open end of
the tubular front part wherein the tubular part further com-
prises a cylindrical segment divided by means of slots into at
least two elastic beams, said cylindrical segment having an
outer surface with a cone frustum-shaped zone and wherein
the cone frustum-shaped zone of said cylindrical segment
comprises a variable moment of imertia element of the elastic
beams for during the process of moving away 1n radial fash-
1on, applying a large contact pressure needed to ensure elec-
trical continuity to a pin contact of a first electrical connector
into said one-piece elastic socket contact of a complementary
clectrical mating connector, said contact pressure being sub-
stantially uniform over the length of said cylindrical segment
and thus said contact pin.

2. A one-piece, controlled insertion force, elastic socket
contact according to claim 1 wherein the thickness of the
spindle-shaped end zone gradually decreases 1n the direction
of the open end of the beam.
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3. A one-piece, controlled 1nsertion force, elastic socket
contact according to claim 1 wherein the length of the second
cylindrical zone adjusts a multiplier coetlicient of the detlec-
tion of every beam.

4. A one-piece, controlled 1nsertion force, elastic socket
contact according to claim 1 wherein said cone frustum-
shaped zone 1s obtained by machining.

5. A one-piece, controlled 1nsertion force, elastic socket
contact according to claim 1 wherein the cone frustum-
shaped cylindrical segment 1s delimited by connection zones
of said segment with respectively the second cylindrical zone
and with the first cylindrical zone.

6. A one-piece, controlled insertion force, elastic socket
contact according to claim 5 wherein the second cylindrical
zone located between one of said connection zones and the
open end comprises a lever arm.

7. A one-piece, controlled 1nsertion force, elastic socket
contact according to claim 6 wherein one of the connection
zones comprises an end of the zone of moment of 1nertia
variation of the elastic beams.

8. A one-piece, controlled 1nsertion force, elastic socket
contact according to claim 1 wherein the element of the
clastic socket works 1n deflection under nearly identical
stress.

9. A one-piece, controlled 1nsertion force, elastic socket
contact according to claam 8 wherein the element under
nearly i1dentical stress participates in the increase of the
deflection of every elastic beam.
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